W UMa type binaries have two defining characteristics. These are (i) the effective temperatures of both components are very similar, and (ii) the secondary (currently less massive) component is overluminous for its current mass. We consider the latter to be an indication of its mass before the mass-transfer event. For these stars, we define a mass difference (δM ) between the mass determined from its luminosity and the present mass determined from fitting the binary orbit. We compare the observed values of the mass difference to stellar models with mass-loss. The range of initial secondary masses that we find for observed W UMa type binaries is 1.3 − 2.6M ⊙ . We discover that the A-and the W-subtype contact binaries have different ranges of initial secondary masses. Binary systems with an initial mass higher than 1.8 ± 0.1M ⊙ become A-subtype while systems with initial masses lower than this become W-subtype. Only 6 per cent of systems violate this behavior. We also obtain the initial masses of the primaries using the following constraint for the reciprocal of the initial mass ratio: 0 < 1/q i < 1. The range of initial masses we find for the primaries is 0.2 − 1.5M ⊙ , except for two systems. Finally in comparing our models to observed systems, we find evidence that the mass transfer process is not conservative. We find that only 34 per cent of the mass from the secondary is transferred to the primary. The remainder is lost from the system.
INTRODUCTION
The evolution and structure of a star are primarily determined by its initial mass. Therefore, the structure of stars in contact binaries (CBs) can be very different from single stars because of mass transfer. The component stars of CBs evolve as single stars with initial mass (Mi) until the binary interaction occurs. When the mass transfer starts, the initially more massive component (M2i, the current secondary) loses mass that is transferred to the initially less massive component (M1i, the current primary) and the rest leaves the system. Because of the interaction, the mass ratio of the system reverses. After mass transfer stops or sufficiently slows down, the secondary stars are found to be overluminous for a main-sequence (MS) star of the same mass. The reason for this luminosity excess is that the luminosity of such stars depends on their initial mass as much as their present mass. In this study, we develop a method to find initial masses of the secondary stars of W UMa type binaries in terms of the luminosity excess.
W UMa type CBs are among the best studied stars in the literature. For about 100 CBs (51 A-subtypes and 49 W-subtypes), accurate dimensions of component stars from photometric and spectroscopic data are successfully derived by different investigators. The subtypes are defined by their light-curves (Binnendijk 1970) .
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We compute initial masses of secondary and primary components of these systems. Our sample includes well-determined parameters of CBs from the compilations of Yakut & Eggleton (2005) , Gazeas et al. (2005 and Zola et al. (2005 Zola et al. ( , 2010 .
Beside the luminosity excess of the secondary components in the W UMa type binaries, another very important feature of these systems is that the effective temperatures, Te, of components are almost identical. However, the slight difference between effective temperatures of components is systematic between the two subtypes. For the A-subtype systems, the effective temperature of the massive component (T1e) is higher than the effective temperature of the lower mass component (T2e); the opposite is true for the W-subtype systems. There is debate in the literature concerning whether the subtypes represent an evolutionary sequence (Awadalla & Hanna 2005; Eker et al. 2006 ). According to Maceroni & van't Veer (1996) , however, there is no evolutionary link between most of the A-subtype systems and the W-subtype CBs. In this paper, we aim to confirm that the subtypes are determined by their initial parameters. If initial parameters of A-and W-subtypes are completely different, then they are not an evolutionary sequence.
There are two evolutionary pathways that lead to a star filling its Roche lobe. These are nuclear and angular momentum evolution (Hilditch, King & McFarlane 1989) . It is thought that angular momentum evolution via magnetic braking (Schatzman 1962; Mestel 1968 ) is the primary mechanism for the formation and evolution of W UMa type CBs (Okamoto & Sato 1970; van't Veer 1979; Vilhu 1982) . However, both these two mechanisms affect the kind of W UMa binaries that are formed. Also because nuclear and angular momentum evolution are very strongly dependent on stellar mass, one may expect that the initial masses of components of W UMa type binaries are the key parameters for our understanding of the formation and evolution of W UMa type binaries.
Each component of a CB fills its Roche lobe and is under the gravitational interaction of the other. Apart from this, the more massive primary component is an MS star and the luminosity of the secondary component is higher than the expected MS luminosity (Yang & Liu 2001; Webbink 2003; Li et al. 2008 ). This excess may be due to large amount of energy transfer that occurs (see Section 2) from the primary to the secondary (Lucy 1968a,b; Webbink 2003; Li et al. 2008) . However, the evolutionary status of CBs is still unclear. According to Hilditch, King & McFarlane (1988) , the primary components of the W-subtype CBs are not evolved MS stars, and the A-subtype CBs are close to the terminal-age of the main sequence (TAMS).
Although there are many studies in the literature about contact systems, the contact models are still not able to satisfy all the observational constraints. It is still an open question whether CBs are in thermal equilibrium or not. It is generally accepted that a contact configuration in thermal equilibrium is not possible and therefore CBs suffer from thermal relaxation oscillation (Flannery 1976; Qian 2001; Kähler 2002a Kähler ,b, 2004 Kreiner et al. 2003; Webbink 2003; Li, Han & Zhang 2004; Yakut & Eggleton 2005; Paczynski et al. 2006) . However, according to some authors, a contact configuration can be in thermal equilibrium. They argue that contact systems can achieve thermal equilibrium if the secondary, currently less massive component, is more evolved than the massive component (Stȩpień 2006a (Stȩpień ,b, 2009 (Stȩpień , 2011 . In such a model, CB stars originate from detached close binaries with initial orbital periods close to a few days and the system was exposed to mass exchange with a mass ratio reversal in the past. According to these assumptions, energy exchange does not influence stellar radii and occurs in thermal equilibrium (Kähler 2004; Stȩpień 2011) . Large-scale energy transfer from the primary to the secondary components solves several outstanding problems in CBs (Lucy 1968a) . However, the problem of energy transfer requires an intrinsic driving mechanism and its effect on the evolution of the component stars and the system is unknown. These processes are very poorly understood because of the complexity of detailed hydrodynamic treatment of the flow and also due to the unknown driving mechanism.
This paper is organized as follows. We outline the physical properties of CBs in Section 2 and we discuss the basic properties of CBs in the mass-luminosity (M − L) and the mass-radius (M − R) diagrams. In Section 3, we develop and apply a comprehensive method for computation of initial masses of CBs based on stellar modelling with mass-loss. In Section 4, we apply this method to the CBs and discuss the results. Finally, in Section 5, we draw our conclusions.
THE PHYSICAL PROPERTIES OF CONTACT BINARIES AND THE PROBLEM OF ENERGY TRANSFER
The most reliable accurate parameters (mass, radius and luminosity) of binary stars are computed by using both photometric and spectroscopic data. We compiled 100 such well known CBs from the literature. Their basic properties are listed in Table A1 of the Appendix. These properties give clues to evolutionary phases of the primary components, at least. The primary components of CBs in M − L and M − R diagrams are much closer to that of the normal MS stars than the secondary components. Their luminosities and radii are plotted with respect to their masses in Figs 1(a) and 1(b), respectively. For comparison, the components of the welldetermined detached eclipsing binaries (+; hereafter DEBs) are also included (Torres, Andersen & Giménez 2010) . The solid line in these figures shows zero-age MS (ZAMS), derived from models constructed with the MESA code (Paxton et al. 2011) . There is an agreement between the luminosities of the primaries of CBs and that of the components of DEBs. If we compare the radii of the primary stars of CBs in Fig. 1(b) , we can confirm that these two groups of stars are in very good agreement with the DEB stars. , there is no agreement between the secondary components and the components of DEBs in M − L and M − R diagrams. Therefore, the secondary components of W UMa type CBs must have a very different structure or evolutionary path. All the secondary components are above the ZAMS line in both Figs 1(c) and 1(d). The mean masses of the secondary components of the A-and W-subtype CBs are 0.38 and 0.47M⊙, respectively. Despite these low masses, the secondary stars are very bright and very large in comparison to their MS counterparts of the same mass. This excess in luminosity and radius may be explicable by the early evolution of the systems.
In the literature, the close Tes of components of CBs have been explained as a result of an energy transfer from the primary to the secondary star (Smith 1984) . According to this approach, the luminosity excess of the secondary components (δL2 = L2 − M 4 2 ) must compensate the lack of luminosity of the primary components (δL1 = L1 − M 4 1 ). If this is the case, there must be a correlation between δL1 and δL2. In Fig. 2 , δL2 is plotted with respect to δL1. It should be noted that δL2 is always greater than zero and δL1 is in general (four fifths of systems) less than zero. If the luminosity excess of the secondary stars compensates the lack of luminosity of the primary stars, the position of the CB components should be on the δL2 = −δL1 line (solid line). There is a large scatter for the A-subtype CBs (circles) and therefore no evidence for the energy transfer process is shown for this subtype. For the W-subtype CBs (filled circles), however, some of the systems with small values of δL1 and δL2 form a sequence on the line δL2 = −δL1. The sequence is very clear from the origin to the point with δL2 = 1L⊙ and δL1 = −1L⊙. The details of this range are also shown in Fig.  2 .
The energy transfer process does not work, at least, for the A-subtype CBs. For the W-subtype CBs, however, there are some systems (about 12) in which the transfer process may play a part for very close effective temperatures. For some binaries, however, both components have excess luminosity which the energy transfer process cannot explain.
METHOD FOR COMPUTATION OF INITIAL MASS FROM LUMINOSITY EXCESS
As one of the essential parameters of a star, luminosity depends on the nuclear burning in the core. For a single star, this is deter- mined by the initial mass of the star. For a component star which has experienced mass transfer (and loss),
where ∆M is the mass lost or transferred from the secondary, i.e. the mass difference between the initial (Mi) and the final (M f ) masses. The physical conditions in the central regions of the secondary star, which yield luminosity higher than M 4 f , are similar to that of a star with a mass lower than Mi but higher than M f . More precisely, the central physical conditions of the secondary star are very close to a single star of mass ML ≈ L 0.25 (in solar units). For ML, which is the mass of an isolated star with the same luminosity, one can use a more realistic mass-luminosity relation. The M − L relation we employ is
derived from the grids obtained by Yıldız (2012) for TAMS models. The value of mass according to luminosity strongly depends on the evolutionary phase of a mass losing star at the beginning of the mass loss/transfer process. For the computations relating to the secondary stars of CBs, for now, we assume that mass transfer starts near the TAMS phase of the old massive component. Therefore, equation (2) is used throughout this paper [see Section 5.3 for correction due to deviation from equation (2)]. For a typical TAMS star, the quantity ML defined by ML = (L2/1.49) 1/4.216 for the secondary star computed from equation (2) is equal to the observed M2 = M f . If there is a luminosity excess, then ML > M2. We define the mass difference between these two masses as δM :
According to our assumption, the luminosity excess of the secondary component of a CB is related to its initial mass as much as to its present mass, and therefore to the amount of total mass lost by the secondary (∆M ). This means that there must be a correlation between ∆M and δM : ∆M = f (δM ). Then the initial mass of the secondary component of a CB is given as
We note that M2i is a function only of the observable quantities L2 and M2. The masses, luminosities and radii are in solar units. 
2 ) is plotted with respect to luminosity lack (or excess) of the primary components (δL 1 = L 1 − M 4 1 ). If the energy transfer is the dominant operating mechanism, all the CBs should make a sequence on the δL 2 = −δL 1 line (solid line). This is the case for only some of W-subtype CBs. If one finds M2i, then M1i can be computed by using the constraint on the reciprocal of initial mass ratio 1/qi: 0 < 1/qi < 1. M1i is a function of ∆M = M2i −M2 and mass lost by the system (M lost ). The increase in the primary mass can be written as
where γ is the ratio M lost /∆M . γ = 0 corresponds to the conservative case and γ = 1 is the case in which all the mass lost by secondary component is lost by the system. The reciprocal of the initial mass ratio as a function of current masses, M2i, and γ is given as
The unknown value of γ can be found from the constraint 0 < 1/qi < 1 (see section 4.2). Our next task is to find an expression for f (δM ).
Method derived from the MESA MODELS

Initial masses of the secondary components
As discussed above, the secondary components of CBs have a completely different interior from the normal MS stars because their initial mass is significantly higher than the present mass. This situation forces the secondary components to have a different evolutionary path from single MS stars without mass-loss. Change in mass essentially causes a breakdown in hydrostatic equilibrium, which is then restored by expansion of the central regions. We construct models in order to assess the ultimate effect of change in mass on the structure of stars by using the MESA stellar evolution code. From these models, we aim to find an expression for ∆M as a function of δM . Models with constant and variable masses are constructed by using the MESA code. The details of this code can be found in Paxton et al. (2011) . The chemical composition and convective parameter for all the models are taken as X=0.700, Z=0.02, α=1.89. Stellar models are constructed with the solar mixture given by Grevesse & Sauval (1998) . The radiative opacity is derived from Table 1 . Model results with mass-loss to obtain an expression for the difference between initial and final masses. The final mass is chosen as 0.5M ⊙ and the mass transfer begins when central hydrogen abundance recent OPAL tables (Iglesias & Rogers 1996) , implemented by the low-temperature tables of Ferguson et al. (2005) . The thermonuclear reactions rates are computed by using Angulo et al. (1999) and Caughlan & Fowler (1988) , and the standard mixing length theory is employed for convection (Cox & Giuli 1968) . The MESA ρ − T tables are based on the 2005 update of the OPAL EOS tables (Rogers & Nayfonov 2002) . The progenitors of the secondary stars of CBs should be evolved stars (Hilditch et al. 1988) , otherwise an excess in luminosity cannot be observed. Therefore, when we construct our stellar models we assume that mass transfer begins near the TAMS which we take to be when the central hydrogen abundance is 10 −6 . The basic properties of the constructed models with different initial masses are listed in Table 1 . The range of initial masses is 1.2 − 3.5M⊙. For all of these models, the mass loss rate is 10 −8 M⊙yr −1 and the final mass is 0.5M⊙. After several tries for different mass-loss rates, we deduce that the results are independent of the mass-loss rate. The corresponding mass to the luminosity (ML) after mass transfer is computed from equation (2). The mass difference δM is as given in equation (3) and ∆M = Mi − M f . We also construct models with M f = 0.8M⊙. The basic properties of these models are given in Table 2 .
The initial mass is plotted with respect to ML in Fig. 3 for M f = 0.5M⊙ and 0.8M⊙. The relation between the initial and luminosity masses is almost linear. In both sets of models with either M f = 0.5M⊙ or 0.8M⊙, we note that the higher the ∆M , the higher is the δM . In Fig. 4 , ∆M is plotted with respect to δM (in units of M⊙). Both sets of models with M f = 0.5M⊙ (filled circle) and M f = 0.8M⊙ (circle) have the same relation between ∆M and δM . The solid line shows the fitted line [2.50(δM − 0.07) 0.64 ] for both data sets. It is remarkable to confirm that the relation is not a linear one. Also shown in Fig. 4 is the dotted line for the linear relationship ∆M = 2.0δM .
The initial mass of the secondary stars of CBs is then com- puted by using
where the masses are in units of solar mass.
Uncertainties in the initial masses of the secondary components
The initial masses of the secondary components are computed from L2 and M2. Therefore, the uncertainty in M2i (∆M2i) arises from uncertainties ∆M2 and ∆L2. Define f = ∆M = 2.50(δM − 0.07) 0.64 . Then, f is a function of ML and M2. In terms of these quantities and their uncertainties, the uncertainty in M2i can be written as Using the definition of δM given in equation (3), we find that
From the employed M − L relation, we obtain
The explicit form of ∆M2i as a function of ∆M2 and ∆L2 is
RESULTS AND DISCUSSION
The initial masses of the secondary components
The initial mass of the secondary component of a CB is computed using the method from the previous section. The results are listed in Table A1 . If we compare an A-subtype with a W-subtype CB of the same M2 (present secondary mass), then we find that the initial mass of the secondary of an A-subtype is 0.5M⊙ higher than that of W-subtype. This means that the (present) secondary components of the A-subtype have lost/transferred much more mass than those of the W-subtype. In Fig. 5 , the initial mass of the secondaries, derived by using the method based on MESA models, is plotted with respect to the present mass of the secondary components. The initial masses are plotted with their uncertainties computed by a method presented in the previous section. It can clearly be seen that subtypes are determined by the initial mass of the secondaries. If M2i > 1.8 ± 0.1M⊙, the system becomes A-subtype. If M2i < 1.8 ± 0.1M⊙, then the system exhibits the W-subtype properties. There are just a few systems that do not obey this prescription (see below). The mean initial mass of the secondaries is M 2iA = 1.97M⊙ for the A-and M 2iW = 1.56M⊙ for the W-subtype CBs. The underlying mechanism for this separation must be based on competition between the orbital and the nuclear time-scales.
There are only two W-subtype systems (Wa) having an initial mass higher than M 2iA. They are V728 Her and V402 Aur. These binaries are the hottest of the W-subtype CBs. Their M − L relation and angular momentum properties are similar to that of the A-subtype rather than the W-subtype. The number of the A-subtype binaries (Aw) having an initial mass significantly less than M 2iW , however, is four. These binaries are EQ Tau, OO Aql, V508 Oph and TZ Boo. They have Te about 5600 K [log(Te) = 3.75] and are the coolest of the A-subtype CBs. The O'Connell effect may be responsible for this atypical situation if it is not due to uncertainties in the observed Tes. However, in addition to the initial mass of the secondary components, another secondary effect may also play a role in the formation of W UMa subtypes. For example, initial orbital angular momentum may be important.
Putting the atypical CBs aside, the initial mass range for the secondary components is 1.7 − 2.6M⊙ for A-subtype and 0.7 − 1.9M⊙ for W-subtype. However, for most of the CBs the range is
CC Com is the system with the minimum secondary initial mass, 0.86 M⊙. The nuclear time-scale of such a star is about 16 Gyr, greater than the age of the galaxy. Therefore, this system (or most of the W-subtype CBs) must have some specific feature, which makes its fundamental properties unusual. As a matter of fact, both components of CC Com are brighter than ZAMS stars and fainter than TAMS stars. Formation of binaries with M2i < 1.25M⊙ seems to be different from the other CBs. They have either a different value of γ or different structure for the progenitors of the secondary components during the mass transfer process. For example, the progenitors may not be as evolved (not TAMS) as we assume (see Section 5.3).
The most realistic uncertainties in M2i are computed from equation (11) and given in Table A1 . For some of the binaries, for example, HV UMa, the uncertainty ∆M2i is very high due to high uncertainties in M2 and L2. However, this result does not change the situation much because the uncertainties are within an acceptable range for most of the binaries in our sample.
Initial masses of the primary components
The reciprocal mass ratio 1/qi is the physical constraint for the determination of initial masses of the primary components. The fitting parameter γ (equation 5) is the mass lost by the system in units of ∆M . First, we consider A-subtype CBs. If γ has a small value, then some A-subtype systems have an unreasonably negative value for M1i. In order to keep M1i > 0 (1/qi > 0) for all A-subtype CBs, the minimum value of γ is 0.50. The maximum value of γ for 1/qi < 1, however, is 0.87. These two values of γ give mean value for 1/qi as 0.368 and 0.666, respectively. For 1/q i = 0.5, γ = 0.664. This value of γ yields M1i ranging from 0.3 to 1.5M⊙ for A-subtypes. This means that the mass lost by these subtypes is higher than the transferred mass: 66 per cent of mass lost by the secondary components is lost by the system and 34 per cent is transferred to the primary components.
1/qi of A-subtype CBs with γ = 0.664 is plotted with respect to M2 in Fig. 6 . The reciprocal of the initial mass ratio is well within the expected range. For 1/qi of W-subtype CBs, we use the same value of γ. On average, the A-subtype CBs have higher 1/qi than the W-subtype CBs. There are only 3 violating systems. These binaries are the W-subtype CBs (see below) and have very low δM values, less than 0.2M⊙. They may not be TAMS stars but are somehow in between the ZAMS and the TAMS lines.
The value of γ we found is a mean value. Indeed, there is no . 1/q i computed from the expressions derived from the models by using MESA code is plotted with respect to M 2 . All the A-subtype systems are in the range 0 < 1/q i < 1; just three W-subtype systems are greater than one.
restriction for a single value of γ for all CBs. However, what is important is that there is a solution with a single value of γ for almost all CBs, and this is certainly true for the A-subtype CBs. It may be concluded that the value of γ does not dramatically change much from system to system. The initial masses of the primary components are listed in Table A1 . The range of primary initial mass of the CBs is 0.2 − 1.5M⊙, apart from two binaries (HV UMa and V376 And). This is the mass range in which magnetized stellar wind is an efficient mechanism for angular momentum loss (Tutukov, Dremova & Svechnikov 2004) . The mean value of the initial primary masses is M 1i = 0.99M⊙ for the A-and M 1i = 0.84M⊙ for the W-subtype. The uncertainties in M1i are also given in Table A1 . ∆M1i is taken as ∆M2i/qi.
Correction of the initial masses of components of CBs with δM < 0.35M⊙
As previously stated, the initial mass of some secondaries is very small for some CBs, for example CC Com. In Fig. 7 , the reciprocal of initial mass ratio 1/qi is plotted with respect to δM both for the A-and the W-subtype CBs. For A-subtype, 1/qi does not show any dependence on δM . For W-subtype, however, 1/qi is dependent on δM if δM < 0.4M⊙. The solid line shows the curve fit (−3.05δM 0.25 + 2.80) for this range. This relation reflects our assumption about the evolutionary phase of secondary components at the beginning of mass transfer. It seems that for some of the W-subtype binaries the secondary components are not close to the TAMS line. Therefore, equation (7) is not valid for these CBs. Using the curve (−3.05δM 0.25 + 2.80) of Fig. 7 , we obtain a new equation for M2i, and M1i is computed as in Section 5.2. This equation removes the slope in Fig. 7 .
The corrected initial masses of the secondary and the primary components of these CBs are listed in Table 3 . The upper limit for the initial mass of the secondaries is 1.90M⊙, consistent with the results given above. The minimum initial mass of the secondaries is with small δM pertaining to BH Cas, 1.36M⊙. . 1/q i computed from the expressions derived from the models by using the MESA code is plotted with respect to δM . 1/q i for the A-subtype CBs has a very uniform distribution. For the W-subtype CBs, however, this is not the case. For small values of δM , 1/q i is dependent on δM . The solid line shows the fitted curve for the W-subtype CBs (−3.05δM 0.25 + 2.80). 
Some notes on evolutionary time-scales and cluster member CBs
As mentioned above, the ultimate fate of a binary depends on its total mass and how this mass is shared between its components. If mass of the massive component (M2i) is high enough, then nuclear evolution is very fast compared to orbital evolution. Therefore, the Table 5 . Mass intervals for final products. lifetime of this star is so short that the system cannot be a CB. In this respect, a very interesting result we obtain is that there is an upper limit for the mass of the massive components of CBs, 2.61M⊙ (V921 Her). This result leads us to consider binaries with components having a mass higher than 2.61M⊙ as candidate systems for binaries with compact objects, for example. Ages of the W UMa type CBs are investigated by many different groups using different methods (Guinan & Bradstreet 1988; van't Veer 1996; Bilir at al. 2005; Li, Han & Zhang 2005; Li et al. 2007 ) and range from 0.1 − 1.0 to 7.2Gyr. The life-time of a W UMa type CB can roughly be divided into three different phases. These are detached, semi-detached and contact phases. From the initial masses, at least for the A-subtype CBs, we find how long the detached phase is: t det = tMS. The MS age for a star with 2.61M⊙ is 0.46Gyr. This time is likely to be very short for angular momentum evolution without mass-transfer. The MS age of a star with transition mass (1.8M⊙) from the A-to the W-subtype CBs is 1.37Gyr (EX Leo). For such systems, the nuclear and angular momentum time-scales are comparable. For some W-subtype systems, the nuclear time scale is liable to be so long that the components evolve into contact phase before significant nuclear evolution of the massive component. The MS lifetime for BH Cas, for example is 3.32Gyr. Such a time is very long for angular momentum evolution of BH Cas and similar CBs with two late-type components.
According to the results, we deduce that ages of the A-subtype binaries (ts) are greater than the MS lifetime of the progenitor of their secondaries (tMS). For the W-subtype binaries, however, ts may also be less than tMS because it seems that the mass transfer for some CBs starts before the secondary component (M2i) reaches the TAMS line. In order to test this point, we consider CBs in clusters. There are four such binaries in our CB sample. Two of them are the W-subtype CBs. The W-subtype binaries TX Cnc and AH Vir are members of Praesepe and Wolf 630, respectively. The Asubtype CBs are QX And of NGC 752 and AH Cnc of M67. The MS lifetime according to M2i (tMS) of the binaries and age of clusters are listed in Table 4 , respectively. While tMS is less than ts = t clus (cluster age) for A-subtype, tMS for the W-subtype binaries is less than ts for AH Vir and greater than for TX Cnc. Although there are only four well-known cluster member systems, these results are consistent with our expectations. Table 5 summarizes the results obtained for the initial masses of the A-and the W-subtype CBs. The MS lifetime according to M2i is given in the fourth column. The age of the A-subtypes must be greater than this age. For the W-subtype CBs, however, age can be either greater or smaller than the given value 1.4Gyr, depending on the efficiency of the angular momentum loss mechanism via magnetic stellar wind.
CONCLUSION
In the present study we have investigated the physical properties of CBs. The approximate initial masses of the secondary and primary components are computed, for the first time ever, by using the basic parameters of 100 W UMa type CBs (51 A-and 49 W-subtype). The initial mass of the secondary is computed from its luminosity excess by a method based on the expression derived from stellar models with mass-loss. We have also deduced that only one-third of the mass lost by the secondary components is transferred to the primary components. The remaining part leaves the systems. The range of initial masses of the secondaries of CBs is 1.3 − 2.6M⊙. The upper part of this range is occupied by the A-subtype CBs and the W-subtype CBs are in the lower part. The transition occurs at about 1.8 ± 0.1M⊙.
The main assumption in our method is that the mass transfer starts near or after the TAMS phase of the massive component (progenitor of the secondary component). This assumption seems fairly good for the A-subtypes. For the W-subtype, however, a correction is needed. From δM and the reciprocal mass-ratio diagram (Fig. 7) , we develop a method and obtain corrected initial masses for the case of small δM . The corrected initial masses of the secondaries range from 1.3 − 1.9M⊙. One of the important outcomes of the present study is that there is also a lower limit for the initial mass of the primary components. The reason for this result should be studied in the context of angular momentum evolution versus nuclear evolution.
For the binary systems with an initial mass higher than 1.8M⊙, although the angular momentum is lost by the less massive component the nuclear evolution is principally the mechanism responsible for the Roche lobe filling process. Therefore, semidetached systems with M2i = 1.8−2.61M⊙ must yield A-subtype W UMa CBs. The binary systems with M2i less than 1.8M⊙ evolve into the contact phase due to the rapid angular momentum evolution. The Roche lobes of their components contract so that they form the W-subtype contact or near-contact binaries despite the components not being much evolved in the MS phase.
The primary components of W UMa type CBs have an initial mass range from 0.2 to 1.5M⊙. A star with mass in this range loses its spin angular momentum relatively rapidly. If it has a tidally interacting companion, orbital angular momentum is lost by the system. The precursors of W UMa type CBs are the systems in which nuclear evolution of the massive components is in competition with the angular momentum loss from the less massive components. In the precursors of the W-subtype W UMa CBs, both components are effective in the angular momentum loss process.
The method we develop for computation of the initial masses of the secondary components is highly suitable for a complete error analysis. From the derivatives of the function derived from the fitting curve for ∆M as a function of L2 and M2 (equation 8), we successfully compute ∆M2i in terms of the observed uncertainties ∆L2 and ∆M2 (equation 11).
We also consider cluster member W UMa type CBs. Although the number of CBs with accurate dimensions available in the literature is very small (4 systems), the results support our findings on initial masses and time-scales for the A-and W-subtype CBs.
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APPENDIX A: BASIC PROPERTIES OF W UMA TYPE BINARIES
Star t P T 1 T 2 R 1 R 2 L 1 L 2 M 1 M 2 M 2,i M 1,i 1/q i t MS Ref d (K) (K) (R ⊙ ) (R ⊙ ) (L ⊙ ) (L ⊙ ) (M ⊙ ) (M ⊙ ) (M ⊙ ) (M ⊙ ) Gy HV UMa AStar t P T 1 T 2 R 1 R 2 L 1 L 2 M 1 M 2 M 2,i M 1,i 1/q i t MS Ref d (K) (K) (R ⊙ ) (R ⊙ ) (L ⊙ ) (L ⊙ ) (M ⊙ ) (M ⊙ ) (M ⊙ ) (M ⊙ ) YY Eri W
